Chlorine, sodium and silicon have long been considered as elements that are possibly essential to the growth and development of sugar beets and other plants. Of these elements Cl has been found just recently by Broyer et al (2) to correct a severe nutritional deficiency of the tomato plant when grown in low halide culture solutions. Raleigh (28) Much has been written about Na in terms of direct and indirect effects upon plant growth (5, 9, 10, 19, 20, 23 In view of these reports, often indefinite in their conclusions, it was thought worthwhile to re-examine Na, Si and Cl in relation to the growth of sugar beet plants by adding these elements to otherwise complete culture solutions prepared from "chemically pure" salts. The initial experiment was of a factorial design using two levels of the elements in question. The first level of Cl, Na or Si was the amount present as an impurity in the salts and distilled water. The other level was an exact quantity added. It was thought that if the requirement for any one or more of these elements was larger than that provided by the impurities present, it would be revealed by the increased growth of the plants at the higher nutrient level. If increased growth was not obtained, the second step to be taken would include a further purification of all salts for each of the elements not found to enhance growth or development of the sugar beet plant. Two other factors were also included in the experiment; K at 2 levels and 2 beet varieties, giving a total of 5 factors each at 2 levels.
Chlorine, sodium and silicon have long been considered as elements that are possibly essential to the growth and development of sugar beets and other plants. Of these elements Cl has been found just recently by Broyer et al (2) to correct a severe nutritional deficiency of the tomato plant when grown in low halide culture solutions. Raleigh (28) observed enhanced growth of table beets in culture solutions supplied with NaCl instead of Na2SO4 as the source of Na. However, no symptoms attributable to a Cl deficiency were reported by him. Crowther (6) noted that sugar beet plants wilted less when Na was applied as NaCl than when supplied as Na2SO4. Significant responses to chloride additions were observed in nutrient solutions by Lipman (21) for buckwheat, by Eaton (7) for tomatoes and cotton, and bv Kretschmer et al (16) for lima bean fruit.
As for Br, it has not been considered as a nutrient favorable to plant growth, even though it has been used repeatedly in ion absorption studies by many investigators for many years.
Much has been written about Na in terms of direct and indirect effects upon plant growth (5, 9, 10, 19, 20, 23) . As an indirect factor of growth the beneficial effects of Na applications to the soil have been explained frequently as a release of K from the soil, or as promoting better root development (5) . These phenomena have been considered of special importance in meeting the K requirements of plants on soils low in K. Quite often too the growth of plants has been increased by the addition of Na salts to soils (4, 5, 8, 17, 36) or to nutrient solutions low in K (12, 24, 35) . When plants are high in K, Na responses have been observed (12, 18, 31) but most often these are much reduced or not at all in evidence (4, 17, 18, 22, 35) . Direct effects of Na on sugar beet growth in field experiments have been reported for muck soils by Harmer and Benne (9) and Harmer et al (10) , for sand cultures by Tullin (32) , and for table beets in pot experiments with soils by Larson and Pierre (18) . Sodium deficiency symptoms have been reported (32) or described (9) in only a few instances and so far no specific function of Na, not performed by K, has been recorded (17, 19) . Yet for the beet, "sodium may almost be deemed an indispensable nutrient element, approaching potassium in importance" (19) . Silicon, when added as a silicate to soils, has been 'Received November 10, 1955. considered primarily as contributing to the phosphate supply of the soil (29) . Raleigh (26, 27) reported increased growth of table beets when silicates were added to culture solutions. He was unable to conclude from his work whether the favorable effect was due to a healthier root system or to a specific need for Si by the plants for growth.
In view of these reports, often indefinite in their conclusions, it was thought worthwhile to re-examine Na, Si and Cl in relation to the growth of sugar beet plants by adding these elements to otherwise complete culture solutions prepared from "chemically pure" salts. The initial experiment was of a factorial design using two levels of the elements in question. The first level of Cl, Na or Si was the amount present as an impurity in the salts and distilled water. The other level was an exact quantity added. It was thought that if the requirement for any one or more of these elements was larger than that provided by the impurities present, it would be revealed by the increased growth of the plants at the higher nutrient level. If increased growth was not obtained, the second step to be taken would include a further purification of all salts for each of the elements not found to enhance growth or development of the sugar beet plant. Two ite cover for each culture The analysis of the total halide was similar to the method for Cl analysis with the following exceptions: 1) three ml of a solution of 0.6 % starch and 3.33 % KI was aded to the center compartment, 2) the Conway dishes were shaken gently at 60 cycles per minute for 1.5 hours during the oxidation period, 3) during the transfers the center compartment was rinsed with redistilled water. The analytical procedure for bromine was essentially the same as for the total halide with the following change: 1.0 ml of 40 % K2CrO4 was added to the outer compartment followed immediately by 1.0 ml of 80 % H2SO4.
Sucrose: The sucrose concentration of the beet roots was estimated in a saccharimeter after preparing a hot water extract of the frozen beet pulp samples as described by Browne . In addition to the Cl deficiency symptoms noted on the leaves and roots of the sugar beet plant, the growth of the plant was retarded. These effects of Cl and those of Na, Si, and K are presented in the distinctive Cl deficiency symptoms in the center leaves disappear upon the addition of Cl. A probable explanation for the response by adding either Cl or K to low Cl-low K plants can be found in the different abilities of these 2 ions to be reutilized within the plant. Potassium is readily mobilized from older leaves and moved to newly formed ones, whereas with Cl this does not appear to be the case. Thus, for plants deficient in both K and Cl, added Cl removes the Cl stress of the newly formed center leaves, and the Cl deficiency symptoms disappear. With the Cl stress removed, the younger center leaves utilize the K from the older leaves and more plant growth takes place. When K2SO4 was added to low Cl-low K plants Cl (being an impurity in this salt) was added also. Since the quantitative requirement for Cl is considerably lower than for K, both deficiencies were corrected together for a time and extra growth resulted until Cl again became deficient. The Cl added as an impurity from the K2SO4 in this experiment was, however, insufficient for continuous growth for high K plants.
The significant effects of Si on the growth of the sugar beet plant are not easy to assess from the results of the present experiment. None of the effects attained the 1 % level of significance but at the 5 % level the effects of Si occurred mainly with the plants high in K. Thus, on the average, the presence of Si, either as the Na salt or as silicie acid increased the dry weight of the tops, the fresh weight of the fibrous roots, and the sucrose concentrations of the beet roots. In the low K plants only the weights of the fibrous roots were significantly increased by the addition of Si to the culture solution.
In accord with the findings of other investigators, the addition of Na to low K plants increased significantly the weight of the tops and the weight of the storage and fibrous roots (table II). The sucrose concentrations of the storage roots were not changed appreciably by the Na treatments for either the low or high K plants. For the plants high in K, the addition of Na increased the dry weight of the tops and the dry weight of the fibrous roots but had no significant effect upon the weights of the fresh tops or upon the beet roots.
The GW 304 variety made significantly better top growth and had more fibrous roots than the U.S. 22/3, when grown at either K level (table II) to the fresh weights. The dry weights of the old leaves (didl not differ significantly from each other.
The beet root weights, in contrast to the results of the factorial experiment, were nearly doubled by the higher Cl additions to the culture solutions. The addition of Br-at a concentration of 0.001 M to the basic culture solution (treatment 10) resulted in a lower beet, root weight than in the comparable Cl concentration (treatment 7) but the decrease was not significant statistically.
The fresh and dry weights of the fibrous roots followed a pattern similar to the storage root weights ( (table IV) .
The relation of petiole Cl to top growth is given in figure 3 . Top growth begins to be retarded at (table IV) . However, still unexplained are the much higher Br concentrations for the petioles of the plants treated with Cl and Br (treatment 11) than for those treated with Br only (treatment 10). One explanation is that this is just a chance observation that is associated with the plant and another explanation is that it is associated with analytical variation but this is very unlikely because Chlorine was necessary for top and root growth and was associated with sugar formation rather than with sugar utilization. The storage roots of plants deficient simultaneously in Cl and K were higher in sucrose concentration than non-deficient plants, whereas a deficiency of either nutrient alone resulted in a decrease in sucrose concentration. Still more Cl, however, depressed sucrose concentrations of the storage root but did not decrease root size.
Petiole Cl concentrations, but not those of the blades, increased with the age of the leaf. For plants well supplied with Cl, the Cl concentrations within the upper blade tissues of the leaf were less than onetenth those of the corresponding petioles. Coinparable decreases for NO3-N were observed in the leaf blades, but this decrease was due to nitrate reduction, whereas the Cl decreases were thought to be associated with absorption barriers or to factors not now known. Sulfate, in contrast to Cl and NO3, accumulated in blade tissues at far higher concentrations than in the corresponding petioles.
The Cl recovered from untreated plants was in excess of the Cl present as an impurity in the nutrient solutions and that contained in the transplanted seedlings, whereas comnplete recovery of chloride was indicated for plants treated with 20 meq of Cl after correcting for the Cl found in the untreated plalnts.
Chlorine deficiency symptoms were induced in sugar beet plants that were grown in the greenhouse by the "open culture" technique, using nutrient solutions prepared from chemically pure salts without special purification, regular distilled water, and vermiculite as a substrate.
The addition of Na to low K plants increased growth significantly but had no effect upon high K plants. The effects of silicon were not conclusive.
